A senior-level elective course focused on composite materials (primarily polymer matrix) was taught simultaneously to both on-campus and distance cohorts. Distance lessons were delivered asynchronously. Assessment tools included exams, a term project and weekly homework assignments, some of which incorporated the development of a numerical code for simulating failure of composite plates. The term project focused on replacing a part in a current design with a part fabricated from composites, including specification of manufacturing processes and testing of the composite part.
Introduction
The University of North Dakota (UND) offers undergraduate degrees in chemical, civil, electrical, mechanical and petroleum engineering (accredited by the EAC of ABET) that are offered at a distance. Of the approximately 2,000 undergraduate students enrolled in the engineering disciplines at UND, about 700 are at-a-distance learners, enrolled in the Distance Engineering Degree Program (DEDP). The typical distance student is enrolled in between two and three courses each semester. Most have previously attended post-secondary institutions, some in engineering or pre-engineering programs. More than 25% of distance engineering students are active military or veterans, compared to about 12% of all engineering students.
Ibrahim and Morsi 2 presented one of the earliest comprehensive reviews of distance Electrical and Computer Engineering programs. In a survey of over 120 programs across the United States, the authors found that most distance programs in both engineering and technology were associate degrees. At the time of the survey, a single responding institution offered baccalaureate engineering degrees at a distance. Nineteen universities were offering graduate engineering degrees at a distance. Goodson et al. 3 compared student performance in management-related courses, one assessed to be more qualitative/concept-based in nature and the other more quantitative. Students in lecture sections tended to perform better on the quantitative aspects of the course than students at a distance. In other aspects, distance learners, as a group, performed better. The results lead the authors to note that differences in student outcomes could arise due to both class structure and content. Houdeshell et al. 4 investigated differences in student perceptions between face-to-face, distance, and hybrid courses. Students tended to respond more positively to the face-to-face course structure but the sample size was small and little data was available from hybrid and distance students. Six years later, Kinney et al. 5 found both students and faculty to possess confidence in the effectiveness of distance education for teaching engineering coursework. Mackey and Freyberg 6 found a decrease in distance student satisfaction compared to on-campus students but similar learning gains throughout the course. Murray et al. 7 further investigated hybrid course design and looked at ways of integrating faceto-face and at-a-distance students into activities to leverage the experiences and abilities of each. Several suggestions for pedagogical improvements to increase the learning of both cohorts were presented. Enriquez 8 found that the ability of at-a-distance students to download recorded course lectures seemed to outweigh perceived shortcomings of distance education in a circuits course relative to overall student performance. In a sophomore-level statics course, Douglas 9 found that performance by distance students equaled or exceeded that of on-campus students but that the withdrawal rate was significantly higher in distance sections. Content mastery was compared via a subset of common exam questions between teaching modes. No net difference in final course grades was found.
A number of authors have reported on tools and techniques for improving the teaching of composite mechanics in undergraduate courses. Gray 10 provided a general overview of the increasing importance of composite materials education for engineers and suggested appropriate course content for both composite engineering degrees as well as composite courses to supplement other disciplines. Stuart 11 focused on 'muddiest points' to identify areas of student confusion and the use of short, supplementary videos for explanations. Dong and Sayed 12 and Hodges and Hardin 13 both stress the importance of numerical simulation in increasing student understanding of composite stresses and deformations. Little, if any, previous work appears to have focused on student performance and perceptions in at-a-distance composite materials courses, however.
Method
The composite materials course being studied is an elective course in the mechanical engineering curriculum. It is typically taken in the senior year of the undergraduate program or as a graduate student. All students in the course will have previously completed an introductory course in materials science. During the Fall 2016 semester, forty-seven on-campus students enrolled in the course (two of them withdrew before the end of the semester) and 23 distance (DEDP) students enrolled (three of them withdrew). Three of the on-campus students were graduate students and one DEDP student was a graduate student (all at the Master's level).
A single on-campus section of the course was taught. It met three times per week for 50 minutes. Each class was recorded using Tegrity and posted to Blackboard within a few hours.
The recorded lectures were available for viewing by both the on-campus and DEDP students, as were Powerpoint slides and pdf files of instructor notes created during the class meetings. DEDP students were required to view the lectures and complete homework, exams, and the semester project on the same timeline as the on-campus students. Grades in the course were based on four assessment categories (shown in Table 1 with the associated grade weightings). The somewhat odd grade weightings are due to the fact that students were invited to submit their preferred weighting for each category at the start of the semester and the values in Table 1 are the averages of the submissions. Homework assignments in the second half of the semester consisted primarily of MATLABbased modeling of composite material behavior. Students were tasked with developing increasingly complex computer codes for lamina stiffness, laminate strength, laminate failure, etc. After each step, the instructor provided sample code that could be used as the basis for subsequent development if students had trouble in developing their own code. In this way, difficulties on an early portion of model development would not necessarily impair later assignments. Due to available time, exam questions were much simplified versions of typical homework problems.
The semester project consisted of student identifying a component currently fabricated from metal, polymer, etc. that was a candidate for replacement by a fiber composite structure. Students were required to construct a free-body diagram of the part in question and identify the expected loading modes seen in service. This was used to identify appropriate testing methods for assessing part performance. Students were required to either fabricate or purchase a composite part in an appropriate geometry (it did not have to be an exact replica of the part in question but needed to qualitatively represent the geometry) and perform mechanical testing. The final project report consisted of a summary of the fabrication and testing results along with short write-ups on recent peer-reviewed research related to composite materials. Projects were completed in groups of 3-4 students for both on-campus and distance groups.
Pre-and posttests were administered during the course. Students were asked to complete the pretest within the first week of the semester and the posttest no earlier than the start of the last week of the term. Content questions on the tests were multiple choice or true/false. The questions are shown in Table 2 . Three additional questions were included regarding student confidence related to the course material. These are shown in Table 3 . While the pre-and posttests were not graded, completion of each was required and given the equivalent of 50% of a typical homework assignment. Which of the following is most likely a matrix-dominated property for a unidirectional, fiber-reinforced lamina?
In a unidirectional, fiber-reinforced structural composite, strength in the fiber direction typically depends more heavily on the fiber/matrix bond than strength in the transverse direction.
Q12 (T/F)
The Halpin-Tsai model is an empirical fit to experimental data and not based on a firstprinciples derivation of material behavior.
Q13 (T/F)
It is possible to construct a quasi-isotropic laminate from orthotropic laminae. Table 3 : Pre-and posttest questions related to student confidence in applying and understanding the course material.
Q14
I can select an appropriate composite material, fiber geometry, and manufacturing technique to meet specified design requirements. Q15 I feel confident discussing composite material behavior with my peers.
Q15
I feel confident discussing composite material behavior with my instructors.
A separate survey related to motivations for enrolling in the course, time spent on various class activities, the value of those activities to student learning, and students' perceptions of their understanding of various course concepts was administered at the end of the semester. Participation was not required but students who completed the survey received points equivalent to about 50% of a homework assignment added to their grade. An alternative method for receiving the points through completion of a literature review was offered to students who did not wish to complete the survey but wanted the additional credit.
Results
Sixty-five students completed the course (45 campus, 20 DEDP). Eighteen DEDP students completed both the pre-and posttests (90% response rate). Thirty-eight campus students completed both tests (84.4% response rate). Fifty-two class end-of-term surveys were submitted (36 campus, 16 DEDP), response rates of 80% in both cohorts. Table 4 shows the pretest results, posttest results and delta (posttest score-pretest score) for both student cohorts. All questions are assigned one point for a correct answer and zero points for an incorrect response. Several items should be noted from the table. First, scores on questions six and ten were very low at both examination points, likely pointing to a disconnect between the course content and the tests. Second, total scores of DEDP students on the pretest are almost a full point higher than those of campus students. Finally, campus students demonstrated higher gains on most questions than DEDP students and an overall gain in total average score almost two-and-a-half points higher than their distance peers. Table 5 shows the results from the perception-related questions on the pre-and posttests. Compared to differences on the content-related questions (Table 4) , differences in responses and changes from pre-to posttest are significantly smaller, with few trends evident. 
Comparison of On-campus and Distance Pre-and Posttest Results

Comparison of On-campus and Distance End-of-Term Survey Results
Students were asked to report their reason for enrolling in the course. The results are shown in Table 6 . Because students could report more than one factor, results add to more than 100%. The single biggest motivation for enrolling in this elective course for both distance and campus Pretest Average Delta (Post-Pre) Postest Average students was the relevance of the course material to their career field. The second highest motivation reported for both groups was the course instructor. Table 7 compares the percentages of students in each cohort with previous experience in composite part fabrication. The majority of students in both groups had not had previous experience with constructing composite structures. Table 8 shows the student-reported hours spent on various class activities (on average) each week. Similar levels of effort are reported by both groups in most categories. Interestingly, oncampus students reported spending about 20% more time per week attending class and viewing lectures, presumably due to watching class recordings even after attending in-person sessions. A similar difference is reported in effort spent each week on completing homework assignments. Distance student reported slightly more value for homework assignments for learning course concepts compare to campus students. Scores were reported as Very Helpful (5) to Not at All Helpful (1) . Few other differences in reported value of class activities between the two cohorts are evidenced, however. Results are shown in Table 9 . For the term project, almost 95% of the campus students reported involvement in either fabrication or testing of the composite part. Only 50% of the distance students reported similar hands-on involvement, however. This is likely due to the fact that most groups of distance students comprised individuals at multiple locations. The project prototype was fabricated at one location, sometimes with testing to be completed elsewhere. Table 11 shows the self-reported student confidence related to broad content areas of the course with scores ranging from Extremely Confident (5) to Not at All Confident (1) . With the exception of hygrothermal effects, campus students report higher confidence in their understanding of course concepts. This is consistent with the pre-and posttest results which showed higher scores for campus students compared to their DEDP counterparts. It is also important to note, though, that even the highest areas of confidence are close to the mean score of three. In general, neither student group seems to have high confidence in their understanding of class topics. Final course grades are shown in Table 12 . A much higher percentage of DEDP students fell into the D/F/W category compared to the campus cohort. Over a third of campus students received grades of 'A' compared to about 22% for distance students. The average class grade in the on-campus group was 84.5% and the average grade in the distance group was 80.3%. The highest grades in each cohort were 97.4% (campus) and 94.0% (distance), respectively. showed that distance students in a materials science course tended to underestimate their comprehension of course material relative to their performance on pre-and posttests. The reverse was true of campus students. In the current study, distance students again reported lower confidence in their understanding of course concepts. Table 11 shows only two out of 10 subject areas in which DEDP results were higher than the mean value of three. This compares to six out of 10 areas above the mean for campus students. But campus students also showed higher scores on a posttest and larger gains from pretest to posttest. The current composite course is a much more mathematically intensive course than the preceding materials science course. It is interesting that Goodson et al. 3 observed similar trends with distance students outperforming campus students on qualitative coursework and campus students achieving better results on quantitative topics. Further comparison of student confidence in similar senior-level, mathematically-intensive coursework is needed to understand if the uniformly lower levels of reported student confidence compared to those reported in the materials science course of Cavalli et al. 1 are unique to this composites course or have deeper roots.
DEDP Campus
A possible explanation for the additional gains and reported confidence can be found in the open-ended questions from the end-of-term survey. Several of on-campus students explicitly mention the value of working with other students to overcome homework difficulties and straighten out conceptual misunderstandings. No such interactions were reported by distance students. Since no special accommodations (such as online discussion boards, web chats, etc.) were made to encourage distance student collaborations outside the context of the semester project, it is not surprising that DEDP students tended to work alone. These results point to a potential area of improvement for future distance offerings.
Another potential area of improvement is in the formulation of the semester project. While both campus and distance students reported similar values of the project to their learning, it is clear that a large percentage of the distance cohort did not get the desired hands-on experience in the current project formulation. Requiring each team member to contribute to either fabrication or testing in the future is one possible approach. 
